Background: The rate of cognitive and functional decline in Alzheimer's disease (AD) changes across individuals. Objectives: Our purpose was to assess whether the concept of "fast decline" really fits its definition and whether cognitive and functional variables at onset can predict the progression of AD. Methods: 324 AD patients were included. We retrospectively examined their Mini-Mental State Examination (MMSE) total score and sub-items, Activities of Daily Living (ADL), and Instrumental Activities of Daily Living (IADL) at baseline and every six months for a 4-year follow-up. Patients were divided into "fast decliners" (n = 62), defined by a loss ≥5 points on the MMSE score within the first year from the baseline; "intermediate decliners" (n = 37), by a loss ≥5 points after the first year and before the 18th month; or "slow decliners" (n = 225), composed of the remaining patients. Results: At baseline, the groups did not differ on demographic, clinical, and cognitive variables. The decline at the end of the 4-year follow-up period seems to be similar among the different decline clusters. Predictors of disease progression have not been identified; only the MMSE total score at 12 months <14/30 was indicative of a poor prognosis. Conclusions: Even with the limitation due to the small sample size, the lack of differences in the disease progression in time in the different clusters suggest the inconsistency of the so-called "fast decliners". This study was unable to show any significant difference among clusters of AD progression within a 4-year time interval. Further studies should better clarify whether a more consistent distinction exists between slow and fast decliners.
INTRODUCTION
Progressive cognitive and functional decline over the course of the disease is the main characteristic of Alzheimer's disease (AD). However, the rate of progression is variable among individuals with some patients presenting the classical form characterized 776 F. Barocco were abnormal as expected for classic AD, with the exception for proteins 14-3-3, which were present in 42% [2] . Contradictory results are also evident considering the influence of comorbidities on AD progression, such as cardiovascular disease [3] [4] [5] , diabetes [5] [6] [7] [8] [9] , educational level [5, [9] [10] [11] , age of disease onset [9, 12, 13] , gender [5, 14] , and family history of dementia [15] [16] [17] . In particular, diabetes mellitus, which is thought to modulate the risk of AD [18, 19] , may increase or decrease the speed of progression of AD. A prognostic value has also been assigned to clinical features, such as the decline of MMSE score, in the progression time interval before diagnosis [20] or the severity of cognitive impairment at the onset of dementia [10, 11, [21] [22] [23] [24] , the presence of behavioral and mood disorders [25] [26] [27] , or neurological signs such as extrapyramidal signs or myoclonus [15, 28] , but no definite conclusions have been reached (see Table 1 ). Moreover, many other factors have been suggested to influence the rate of progression of the disease such as cognitive reserve [29] , medical and social care [30] , chronic drug assumption [5, 21, 22, 31] , genetics (carrying the ApoE ε4 genotype) [2, 25] , and environmental conditions [32, 33] . Furthermore, it should be observed that different methods of assessment and follow-up time intervals used in these studies might act as misleading factors.
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A crucial point on this topic relies on the definition of "fast decliners" suggesting a lack of general consensus on this term. In many studies, the rate of attainment of some endpoints such as institutionalization [34, 35] , death [22] , and the cognitive and functional worsening have been measured by different scales, preferentially the MMSE. Very heterogeneous were also the criteria used to intercept patients with rapid cognitive decline according to the length of time interval. In most of the studies, the follow-up time ranges from 3 to 12 months with one exception to 36 months, thus making it difficult to reach a firm conclusion (see Table 2 ).
Using the MMSE, a different approach has been proposed by Marra et al. The authors defined fast decliners as those patients whose percentage of the MMSE score's reduction was greater than 25% per year as compared to the first examination [11] . A different method was used by Doody et al. who classified rapid progressor patients with a loss of ≥5 MMSE points per year [20] , while for Buccione et al., fast cognitive decliners were those patients whose MMSE differential score fell above or below the overall sample median [23] . Although there is an unclear scenario on the definition of the term of fast decline, the identification of patients at higher risk for a rapid disease progression could help clinicians and families in planning a timely intervention for care. Thus, there is a need for cognitive and functional markers able to early detect the rate of decline in AD patients.
The purpose of this study was to assess the longitudinal reliability of an early AD patient stratification, based on the reduction of MMSE performance. We investigated whether the definition of fast decliners is of value to establish with certainty a poor prognosis in terms of cognitive and functional decline. Using a large sample of patients and a long follow-up (4 years), we examined whether a rapid decline within the first 12 or 18 months from the baseline assessment identifies worst cognitive performances at the end of follow-up. Furthermore, given the presence of controversial results in the literature, we aimed to assess whether the demographic profile and the presence of comorbidities could interfere with the progression of AD. patients with AD, 134 had only one assessment or had a follow-up <18 months and were not included in the study; the remaining 324 patients (254 females, 70 males; mean age 77.3 ± 6.5; mean education 5.5 ± 2.9) were selected for the study and retrospectively examined.
MATERIALS AND METHODS

Participants
Procedures
All the patients were examined by a neurologist or geriatrician expert in cognitive disorders. The diagnosis of dementia and AD were made according to DSM-IV [36] and NINCDS-ADRDA criteria [37] by the examiner. All demographic (age, sex, education) and clinically relevant information (familiar history of dementia; age at the onset of symptoms; drug treatments: antihypertensive, antiaggregant, anticoagulant, statins, acetylcholinesterase inhibitors, memantine, and antipsychotic; and comorbidities: alcohol, smoke, hypertension, diabetes, dyslipidemia, folic acid or cobalamin deficit, hypothyroidism, anemia, cardiac, renal or hepatic failure, cerebral stroke, myocardial infarction, atrial fibrillation, epilepsy, and depression) were collected from the patient and his/her caregiver. At the time of the first visit and at each 6-month follow-up examination, cognitive impairment was assessed by the MMSE [38] ; functional level was assessed by Activities of Daily Living (ADL) and Instrumental Activities of Daily Living (IADL) [39] . At baseline evaluation, patients were also submitted to a neuropsychological battery focusing on language, memory, visuo-spatial, executive, and praxic abilities.
Disease progression
According to the literature, we chose a 5-point MMSE score decrease as the threshold indicative of a clinically relevant and rapid progression [1, 20, 40] .
On the basis of the clinical observation, many patients deteriorated rapidly within 12 months, while others were found to have a recovery phase or a plateau after 12 months taking into account the difference of the actual MMSE global score compared to the score at baseline.
The MMSE score was used to assign patients to the Fast Decliners (FD; n = 62) when the MMSE score loss was equal or more than 5 points at T 12 versus T 0 or Intermediate Decliners (ID; n = 37) when the loss was equal or more than 5 points at T 18 versus T 0 ; the remaining subjects were classified as Slow Decliners (SD; n = 225).
At the end of the 4-year follow-up, 121 SD, 15 ID, and 20 FD completed the follow-up clinical observation.
Statistical analysis
All statistical analyses were performed using SPSS software version 19. Differences in baseline variables between groups were assessed using the one-way analysis of variance (ANOVA) and pair-wise Bonferroni post-hoc test. Statistical differences in categorical variables were analyzed by Pearson's chi square test. We used polynomial trend analysis to describe rates of cognitive decline in the three groups. We performed ROC analysis to find a MMSE threshold able to correctly predict the persistence of the patients into their own group at the last follow-up visits.
RESULTS
No between groups significant differences (see Table 3 ) at baseline on demographic (gender, age, education, familiar history of dementia), clinical (alcohol intake, smoke, hypertension, diabetes, dyslipidemia, folic acid or cobalamin deficit, hypothyroidism, anaemia, cardiac, renal or hepatic failure, cerebral stroke, myocardial infarction, atrial fibrillation, epilepsy, depression), functional (ADL) and cognitive (MMSE) variables were found, except for the IADL score which were significantly higher in SD than in FD (Bonferroni post-hoc test: p < 0.05, means differences 95% CI = -1.71 --0.16). There were no significant differences between groups on drugs assumption.
Profiles of cognitive decline
A 3 (Group) × 9 (Time) ANOVA was run on MMSE total scores, revealing as significant the main Fig. 2 ).
Post-hoc tests (Bonferroni) confirmed the expected similarity of the groups at T0; at T12 emerged, coherently with the clustering criterion, differences in the FD scores versus ID (means differences The significant interaction depicted a dissimilar pattern of cognitive decline into our groups, as confirmed by the polynomial trend analysis. The FD trend showed, indeed, as significant above all the cubic (F [1, 11] = 32.24, p < 0.001) and then the linear component (F [1, 11] = 15.96, p < 0.01), that was, instead, the only component to be significant into the ID decline (F [1, 11] = 76.11, p < 0.001). The SD trend was explained mainly by linear (F [1, 11] = 58.19, p < 0.001), and quadratic (F [1, 11] = 38.19, p < 0.001) components.
Paired t-test (Bonferroni correction was applied for multiple comparisons) showed that the FD and ID baseline MMSE total scores were significantly (p < 0.01) the highest ones. FD and ID scores at T 6 and T 18 were significantly higher (p < 0.01) than all the following surveys (FD T 12 score was higher only than T 30 and T 36 grades, p < 0.05): two years after the baseline, the MMSE total scores were no more different. Conversely, in all the paired comparisons from T 12 to T 48 each SD total score resulted significantly greater (p < 0.01) than every further one.
The decline of the single MMSE sub-items scores was congruent with the total score pattern, except for delayed recall and constructional praxis, not significantly different between groups along the time.
Profiles of functional decline
Two 3 (Group) × 9 (Time) ANOVA were run on ADL and IADL scores: both showed as significant only the main effect of Time (respectively: F [8, 108] = 29.83, p < 0.001, χ 2 = 0.33; F [8, 108] = 30.81, p < 0.001, χ 2 = 0.34). Post hoc tests (Bonferroni) confirmed that FD, ID, and SD ADL scores did not differ, from T 0 forward (see Fig. 3 ). The IADL of the FD group, instead, was significantly lower (p < 0.01) than the IADL of the SD group from T 0 to two years after the baseline (see Fig. 4 ) and lower than the ID score at T 0 , T 6 , and T 30 . Finally, ID IADL was inferior to the SD scores only at T 18 .
Subject dropout
To complete our analysis, we also aimed to explore the withdrawal of participants along the four years of the survey, focusing on the dissimilar rate of dropouts between FD, ID, and SD.
Dropout individuals were, in most cases, patients without applicable MMSE scores (MMSE <3/30) or with the presence of severe behavioral and psychological symptoms of dementia, which were continued to be treated in our clinic.
At T 48 , the whole sample included 156 participants (survivors), i.e., 48.5% of the patients who had been enrolled at T 0 , 21.2% males and 28.8% females (these percentages were homogeneous to baseline). Both at T 12 and T 18 , only 8 individuals (2.5%) quit, but the percentage of dropouts increased from T 24 forward: 5.6%, 9%, 5.6%, 13.6%, and, finally, 13%.
Splitting the whole sample into FDs, IDs, and SDs: four years after baseline, FDs had lost 67% of their participants (survivors = 20), IDs 59.5% (survivors = 15), and SDs less than 50% (survivors = 121, i.e., 53.8% of T 0 group). The strongest rates of dropout seemed to coincide, at the beginning of the survey, with the period that immediately followed the MMSE total score maximum decrease, in accordance with the grouping criterion: T 6 -T 12 = -11.5% and T 12 -T 18 = -11.5% for FDs, T 18 -T 24 = -21.6% for SDs. From T 36 forward, all groups showed another marked downshift (see Fig. 5 ).
ROC curve analysis showed that a T 12 MMSE score ≥14 could correctly predict the persistence of FDs into their own group at T 48 (Area Under Curve = 0.861, SE = 0.051, 95%CI = 0.761-0.962; sensibility = 0.778, 1-specificity = 0.229).
No significant differences were found in demographic characteristics or ADL and IADL scores (see Table 4 ) between FDs survivors (n = 20, 70% females) and dropouts (n = 42).
Univariate ANOVAs showed, from T 0 to T 42 , that survivors' MMSE total scores were significantly higher (see Fig. 6 ). 
DISCUSSION
The aim of the present study was to describe the evolution of AD patients with the attempt to better define the current opinion of rapidly progressive evolution, by means of a long observation interval of four years.
It is of common clinical experience to have AD individuals with a rapid decline within one year and on the other hand, subjects with the same fast evolution within 12 months followed by fluctuations in cognitive performance and loss of five points in a longer interval of time that we arbitrarily decide to include within the first 18 months. Therefore, using the cut-off of 5 points, we looked for patients with a rapid decline within 12 or 18 months from baseline to evaluate the clinical utility of an early stratification. The choice of the 5-point loss was made in agreement with the literature and with the observation that this value is indicative of a clinically relevant progression of the disease, not influenced by the intrinsic limits of test reliability [39, 40] and in accordance with the mean rate of MMSE decline of 2 to 4 points/year [1, 20] .
Our population did not differ in terms of age at baseline, age at onset, sex, education, or familiar history of dementia among FD, ID, and SD.
At variance with many previous studies, in our sample the speed of decline did not correlate with the age of onset of AD and the educational level of participants.
To minimize the bias due to the effect of possible different disease stages, we compared years between disease onset and baseline visit, finding no differences among the three groups. None of the comorbidities analyzed appeared to be more frequent in FD and ID. In the current study, as previously reported [41, 42] , we found no relationship between the presence of vascular risk factors (smoking, hypertension, diabetes, and dyslipidemia), alcohol assumption, and other diseases (folic acid or cobalamine deficit, hypothyroidism, anemia, cardiac, renal or hepatic failure, cerebral stroke, myocardial infarction, atrial fibrillation, and epilepsy) and rapid cognitive decline. These results seem to confirm the hypothesis that some risk factors promoting the onset of AD are not sufficient in modulating the speed of decline.
Some methodological limits and procedural differences may in part account for the inconsistent results on the correlation between comorbidities and rates of decline. Much of the evidence derives from studies that were originally designed and conducted to investigate other conditions. Furthermore, when we consider the association between a comorbidity and its potential role in accelerating cognitive decline, many other variables and more complex mechanism may play a decisive role (for example, hypertension is a variable factor based on age of onset, therapy compliance, different antihypertensive agents, different gold standard pressure target related to age, etc.) [43] . Further randomized controlled trials focused on correlation between a single or a cluster of comorbidities and rates of decline are needed to better investigate the existence of clinical predictors.
Despite a 5-point loss or more on the MMSE in the first year, FD show a higher, although not statistically significant, score on the MMSE compared to the remaining groups at the end of the observation period. The threshold of decline, established as 5-point MMSE decrease during the first 12 or 18 months of clinical observation was not significantly associated with worse cognitive performance at the end of the 4-year follow-up. Our early stratification based on the MMSE failed to intercept more impaired patients at the end of a long period of observation. It is important to note that if we had used a shorter follow-up as usually reported in the literature (i.e. 2 years), FD and ID were significantly more compromised than the SD. Only a long follow-up allowed us to reveal the tendency to converge and the absence of cognitive differences between the three groups. By shortening the period of observation and therefore the time from baseline, the results are likely to be more biased by the initial categorization.
Consistent with the cognitive profile, the functional decline, as indicated by ADL and IADL score, is similar between groups at the end of the 4-year follow-up. Additionally, the results are biased with a short period of observation with FD appearing worse than SD, suggesting the need for a prolonged period of observation as a more reliable measure of the clinical evolution of these patients.
To avoid any possible misinterpretations derived from bias selection, we also studied the dropout individuals, finding a homogeneous distribution of dropout patients in the three groups thus ruling out the possibility of a selection bias. Another interesting aspect of the dropout group was that the maximum decrease in cognitive performances measured by MMSE coincides with the last visit before dropout, thus suggesting that a significant loss on MMSE seems to be a risk for dropout. However, many patients classified as FD escape to a rapid decline, reaching the end of follow-up. Despite a significant loss on MMSE in the first 12 months, the FD who score >14/30 on MMSE at the first-year visit have a good chance of still being active and testable at the end of the 4 years (FD MMSE T 48 15.3 ± 5.1).
Some limitations deserve mention. People included in this study attended a third level outpatient clinic focused on cognitive disorders and might not be representative of the general population. Secondly, the study is retrospective and not autopsyverified. Third, data relating the apolipoprotein profile are lacking, thus avoiding any possible correlation on biological determinants of the clinical profile. Lastly, even though our sample represents a natural history of a real-world population referred to a single center with a starting size of more than 450 AD subjects, results should be interpreted with caution due to the small final sample of FD survivors.
In conclusion, despite the above-mentioned limitations, we have demonstrated that by extending the observation over a longer time interval than currently reported in the literature, the definition of "fast decliner" may change. Although cognitive decline is heterogeneous among patients with AD, our results showed that the presence of a significant loss on MMSE in the first year does not help to predict a rapid cognitive impairment and a poor prognosis, but only with a longer follow-up it is possible to reject the current opinion of "fast decliners". Gathering other predictors of cognitive decline, such as genetic, morphological, and functional neuroimaging data, will help to shed some light on the different rate of decline in subjects with AD.
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